INTRODUCTION
THE two environmental variables which appear most frequently to control floral initiation in a specific manner are daylength and temperature. In previous papers (Westerman and Lawrence, 1970; Westerman, 1970) , the response of inbred lines of Arabidopsis thaliana to temperature has been observed to be very diverse when measured in terms of flowering time characters. For all characters, however, a large proportion of the response is accounted for by a linear regression on to the environmental variable.
Furthermore, the predominant mode of developmental regulation oi flowering time and leaf number appears to be such that the expression oJ the character is advantageously stabilised, while with respect to height most families manifest varying amounts of flexibility.
In this paper we shall investigate whether this behaviour is, a regular feature of the material by considering the response of inbred lines when photoperiod is used as the environmental variable. Although there has been little general work on the photoperiodic behaviour of Arabidopsis, it is known to be a quantitative long-day plant with a very low critical daylength (Laibach, 1943; Gregory and Hussey, 1953; Ratcliffe, 1961) . Previous studies have also demonstrated that flowering time characters interact with photoperiod (Harer, 1951; Barthelmess, 1967) .
The developmental phenotype with reference to photoperiod as the environmental variable has therefore been analysed genetically by means of a diallel cross between the same seven lines used in the previous paper.
MATERIAL AND METHODS
Details of the seven lines used as parents are given in table 1 of the previous paper. A full diallel set of crosses was constructed from these lines, and the 42 F1's and seven selfed progeny were raised in three controlled environment cabinets set at photoperiods of 12, 16 and 20 hours respectively, with a constant temperature af 200 C. In each environment, five seeds per family were sown on agar medium in each of two independently randomised blocks (see Westerman and Lawrence, 1970 , for culture method).
The primary characters scored were flowering time, height and basal leaf number, while reproductive performance was measured as the number of siliquae produced by each plant.
RESULTS
The number of days from sowing to the first plant flowering in each cabinet was 31, 19 and 17 for the 12-, 16-and 20- hour photoperiods   373 TABLE 1 Itlean flowering lime of the families of a diallel set of crosses at each of three photoperiods l2hours l6hours It is not clear why these families have failed to flower in this experiment. Some 10 per cent, of the plants of this line, however, failed to flower in the first experiment of this series (Westerman and Lawrence, 1970) , though all did so in the second experiment (Westerman, 1970) . Thus the performance of line 5 changed considerably from the first to the second experiment, while that of other lines was highly repeatable.
The family and array means at each photoperiod are presented in tables 1-4. As in the previous papers, the square root transformation has been applied to all data prior to analysis. While the additive mean square in each case is the largest item with respect to the average phenotype, significant non-additive effects are also present for all characters except height. Reciprocal differences occur much less frequently than in the previous diallel set of crosses (Westerman, 1970, Fio. l.-Wr/Vr graphs for flowering time, leaf and siliqua number with respect to the average phenotype. In the top-left corner, the parental means are ranked according to their position on the graph.
previous diallel, on the contrary, one plant from each line was used as a male and another as a female parent. This difference in technique would not normally be expected to have this consequence with homozygous parents. There is some evidence, however, that reciprocal differences in this species are not a regular feature of the inheritance of the characters in question, but are generated by small differences in the parental environment (Lawrence, personal communication fig. 1) , and furthermore the slopes do not differ from unity, except at the 5 per cent. probability level with respect to flowering time. The relationship between parental means and the order of the points on the graph indicates that dominance is ambidirectional for flowering time and siliqua number, while for leaf number dominance appears to be in the direction of a greater number of leaves. The ambidirectional dominance observed for siliqua number would, on the argument that the genetic architecture of a character indicates the type of selection to which the character has been subject, lead us to conclude that intermediate rather than high siliqua number is most advantageous.
There are, however, two main reasons why this argument carries little force in the present circumstances. Firstly, dominance is incomplete, both in this experiment and the previous one (Westerman, 1970) . Secondly, and of greater consequence, the dominance properties detected here relate to non co-adapted gene complexes, the parents concerned having been obtained from diverse origins. Thus, while in other situations this argument would have much greater relevance, for the present we may continue to regard high siliqua number as synonymous with high fitness. Turning now to the inheritance of the developmental phenotype, only additive effects interact with the environment for all primary characters. With respect to siliqua number, however, the control of the developmental phenotype depends upon both additive and non-additive variation. In the previous paper, the nature of the genotype-environment interaction displayed by each character was investigated by partitioning the interaction into linear and non-linear components (Perkins, 1970) , and subjecting each component to a genetic analysis. In the present data, however, only additive variation is responsible for the genotype-environment interactions manifested by the three primary characters, and thus the main point of this analysis is to ascertain the proportion of the response that is linear in nature. In fact, linear effects account for 90, 66 and 48 per cent, of the total variation ascribable to genotype-environment interaction with regard to flowering time, height and leaf number respectively. The analysis of the developmental phenotype for siliqua number is shown in table 6. The inheritance of the linear component is controlled by additive and non-additive variation, while effectively only additive effects interact in a non-linear fashion with environments; 86 per cent. of the interaction is attributable to a linear response to the environment. The regression of Wr on Vr with respect to the linear component of interaction is not significant. The use of the linear regression coefficient as a measure of the response to environmental change has, in earlier papers, been justified by the predominant linear nature of performance with respect to environment. The approach used, whereby the developmental phenotype of a primary character is related to the average phenotype of a fitness character, in no way depends on the use of this response metric; any convenient measure of variability over environments will suffice. In the present experiment, the linear response accounts for just less than half of the genotype-environment interaction displayed by leaf number and, accordingly, we must employ a measure of response which considers both the linear and non-linear components of the developmental phenotype. For this character, therefore, mean siliqua number has been plotted against the variance relating to differences between environments and blocks, with five degrees of freedom, of each family ( fig. 2 ). Under these circumstances, the diagram is divided into four parts by the mean siliqua number of the parents, and by the average variance of the parental lines. The relationship of leaf number with siliqua number can then be ascertained in the usual manner.
The interpretation of the diagram for flowering time ( fig. 2 ) is clear. All the points lie on a significant regression line running from the top-left to the bottom-right quarter; that is, the mode of developmental regulation with respect to flowering time appears to be such that stability is advantageous. Parents 6 and 7 are relatively stable, while the remaining parents are instable, a low average number of siliquae being associated with a large change in time of flowering over environments.
An examination of the diagram for height ( fig. 2 ) reveals that, with the exception of line 6, all points fall on a significant regression line running from the top-right to the bottom-left quarter; in other words, all families manifest some degree of flexible response, parent 7 being the most flexible line. On the other hand, line 6 is highly stable, in that it produces an above average number of siliquae and changes little with respect to height over environments.
Turning finally to the graph of mean siliqua number against the variance over environments for leaf number, we find that no clear pattern emerges; the regulation of development of this character may be considered therefore to be more diverse than that of the other primary characters.
Discussior
The results from this experiment cannot be compared directly with those from the previous paper (Westerman, 1970) because of the failure of array 5 to flower. To facilitate this comparison, this array was therefore omitted from the previous diallel set of crosses also, and for both experiments the components of mean squares were estimated with respect to each character.
From table 7 it is clear that, although the total phenotypic variance is always larger in the diallel set of crosses using temperature as the environmental variable, the estimates of the variance between lines (o) for both experiments are in general in good agreement; for all primary characters; the response of the lines over the ranges examined is in fact slightly greater for temperature than for photoperiod. Examination of the estimated mean squares reveals that the characters fall into two distinct groups. For flowering time and leaf number over 90 per cent, of the total variance is environmental, the components for between lines and interaction accounting for approximately equal amounts of the remaining variation. Furthermore, these characters interact more with temperature than with photoperiod.
For height and siliqua number, the environmental variance is a much smaller proportion of the total, and the lines x environments components are larger when photoperiod is the environmental variable.
We may now consider the nature of the developmental phenotype manifested in response to the environmental variables, temperature and photoperiod. The percentage of the response to temperature which is The final point concerns the mode of developmental regulation of the primary characters. When either temperature or photoperiod is used as the environmental variable, the optimum level of variability is low with respect to flowering time, and is high with respect to height. In their different ways, therefore, the development of these characters apparently remains the same whether the environmental variable involves differences in temperature or in photoperiod. It appears therefore that, in this material, in the environments here examined, the mode of regulation is a property of the character as such, and is not narrowly dependent on the environment. Flowering time, then, appears to be a character whose optimum is brought about by the stabilisation of the expression of the genes concerned; this will lead as far as possible to synchronous flowering, and indeed evidence from populations in the wild supports this thesis. The development of height on the other hand, appears to be able to respond in an adaptive manner to variation of the environment. 2B
